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Abstract. [Purpose] The purpose of this study was to identify the effects of kinesiology taping on reposition- 
ing error of the knee joint after quadriceps muscle fatigue. [Subjects] Thirty healthy adults with no orthopaedic or 
neurological problems participated in this study. [Methods] The repositioning error of the knee joint was measured 
using a digital goniometer when the subjects extended their dominant-side knee to a random target angle (30°, 45°, 
or 60°) with their eyes closed, before and after a quadriceps muscle fatigue protocol, and after application of kinesi- 
ology tape. [Results] We found that repositioning errors of the dominant-side knee joint increased after quadriceps 
fatigue compared with no-fatigue conditions. However, kinesiology taping of the quadriceps muscle and patella 
after quadriceps fatigue significantly decreased repositioning errors of the knee joint. [Conclusion] These results 
suggest that quadriceps fatigue increases the repositioning error of the knee joint, whereas application of kinesiol- 
ogy tape decreases fatigue-induced joint repositioning error. 
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INTRODUCTION 

Proprioception consists of a combination of joint posi- 
tion sense, i.e., the ability to detect the movement and posi- 
tion of a limb in space 1 ', and the sense of muscular effort 
and tension 2 '. The joint position sense is a very important 
contributor to joint coordination, maintenance of muscle 
stiffness, and the production of natural movements for ap- 
propriate task performance. Furthermore, appropriate joint 
position sense minimizes the risk of joint injury 3 '. 

Muscle fatigue is an exercise-induced decline in the abil- 
ity of muscles to produce force or power 4 ' and is known 
to alter proprioception 5 '. Previous studies have shown that 
muscle fatigue negatively affects the joint position sense 
during both passive and active examination tests 6 '. Decline 
in knee proprioception as a result of physical fatigue may be 
a risk factor for knee ligament injuries 7 '. In sports games, 
most of the injuries occur near the end of the game because 
of the fatigued state of the players 8 '. 

The use of kinesiology taping is gradually increasing in 
sports competitions, such as the Olympic Games or Euro- 
pean football leagues, as well in sports medicine 9 '. Previous 
studies have shown the effects of kinesiology taping on pain 
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control 10 ' n \ joint support 12 ' 13 ', and muscle function 14, 15 '. 
Therefore, the aim of this study was to determine whether 
kinesiology taping decreases the repositioning error of the 
knee joint after quadriceps fatigue and ultimately confirm if 
kinesiology taping can improve joint position sense. 

SUBJECTS AND METHODS 

Fifteen male subjects (mean ± SD: age, 21.87 ± 0.83 years; 
height, 1.75 ± 5.05 m; body weight, 66.33 ± 9.81 kg) and fif- 
teen female subjects (mean ± SD: age, 21.47 ± 0.52 years; 
height, 1.61 ± 5.07 m; body weight, 54.33 ± 7.21 kg) vol- 
unteered for this study. Subjects were excluded if they had 
any known musculoskeletal disorders of the lower limb, 
neurological problems, or balance disturbances within the 
6 months prior to the start of the study. Before participa- 
tion, subjects provided written informed consent, which 
was approved by the Human Ethics Committee of Kyung 
Sung University. 

Three reflective markers were attached to the skin of the 
greater trochanter, the lateral epicondyle of the femur, and 
the lateral malleolus using double-sided tape. For measure- 
ments of knee range of motion, the axis of a digital goni- 
ometer (digital Absolute+Axis™ goniometer; Fabrication 
Enterprises Inc., White Plains, NY, USA) was placed on 
the lateral epicondyle of the femur, with the stationary arm 
along the midline of the femur and the moveable arm at the 
midline of the lateral malleolus 16 '. Before starting the formal 
experiment, a physical therapist with more than 10 years of 
experience practiced taking measurements using a digital 
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Fig. 1. Application of kinesiology tape on the (A) rectus 
femoris muscle, (B) vastus medialis muscle, and 
(C) vastus lateralis muscle and (D) taping for su- 
perior elevation of the patella. 



goniometer for 1 day in order to reduce measurement error. 

Prior to practical testing, participants were given instruc- 
tions on fatigue-induced exercise, and the examiner with 
more than 10 years of experience demonstrated the fatigue- 
induced exercise procedure. Quadriceps muscle fatigue was 
induced as follows. An assistant set a metronome at 20 beats 
per minute (BPM), and the participant assumed a squatting 
position on the floor with the feet shoulder-width apart. The 
assistant gave a "start" command, and the participant then 
performed squats (sitting as low as possible without lifting 
the heels and then returning to the standing position in time 
with the metronome) while the assistant counted. Three sets 
of 10 squats were performed with 30 seconds of rest be- 
tween sets. 

Kinesiology tape (BB Tape, WETAPE Inc, Seoul, Ko- 
rea) was applied by a physical therapist specialized in ki- 
nesiology taping methods. Before kinesiology taping, the 
subjects sat in a relaxed position. The kinesiology tape was 
applied with approximately 30-40% stretch on the 3 quad- 
riceps muscles. For the rectus femoris muscle, the kinesiol- 
ogy tape was applied from the anterior inferior iliac spine 
to the superior border of the patella while holding the knee 
in full flexion (Fig. 1A). For the vastus medialis muscle, 
the kinesiology tape was applied from the lower part of the 
intertrochanteric line (the medial lip of the linea aspera of 
the femur) to the medial superior aspect of the patella (Fig. 
IB) while holding the knee in full flexion. For the vastus 
lateralis muscle, the kinesiology tape was applied from the 
greater trochanter of the femur to the lateral superior aspect 
of the patella (Fig. 1C) while holding the knee in full flex- 
ion. To enable superior gliding of the patella, kinesiology 
tape with a width of 2.5 cm was applied from the inferior 
pole of the patella in the direction of the vastus medialis 
and vastus lateralis (i.e., stretch of 40-50% in the middle of 
tape, with no stretch at the ends of the tape), while holding 
the knee at approximately 50-60° of flexion (Fig. ID). 

The subjects sat comfortably with their eyes closed and 
wore an eye patch 17 '. The examiner randomly performed 
passive knee extension of the dominant leg from a starting 
position (knee 90° flexion) to a target angle (30°, 45°, or 60°) 
determined using a digital goniometer. After holding the 



Table 1. Comparison of the knee joint repositioning error before 
and after quadriceps fatigue and with kinesiology taping 
after quadriceps fatigue 

Mean ± SD (°) 

Variable 

Pre-fatigue Post-fatigue With taping 

Repositioning 3M±lA2 425±L67 * 2 . 99±1 . 24t 
error 

* Significant difference (p<0.05) between before and after quad- 
riceps fatigue. 

t Significant difference (p<0.05) between quadriceps fatigue 
and kinesiology taping after quadriceps fatigue. 



target position for 3 seconds, the examiner placed the limb 
in the starting position 17 '. The subjects were then instructed 
to actively reproduce the same angle that was passively per- 
formed by the examiner 17 '. The repositioning error of the 
knee joint was recorded using a digital goniometer for only 
1 trial, along with random selection of the target angle, to 
minimize learning effects. Subsequently, the repositioning 
error of the knee joint was remeasured immediately after 
completion of the quadriceps muscle fatigue protocol and 
also immediately after application of kinesiology tape to the 
quadriceps and patella without rest after the measurement 
obtained following muscle fatigue. 

Repeated one-way ANOVA was used to analyze changes 
in repositioning error of the knee joint. Multiple compari- 
sons were examined using Bonferroni's correction. Statisti- 
cal analysis was performed using SPSS version 19 (SPSS 
Inc., Chicago, IL, USA). The significance level was set at p 
< 0.05 for all tests. 

RESULTS 

The results for the knee joint repositioning error of the 
dominant leg are presented in Table 1 . Repositioning error 
of the knee joint significantly increased after quadriceps fa- 
tigue compared with before quadriceps fatigue (p < 0.05). 
However, compared with the knee joint repositioning error 
obtained after quadriceps fatigue, the knee joint reposition- 
ing error obtained after use of kinesiology taping following 
quadriceps fatigue was significantly lower (p < 0.05). 

DISCUSSION 

Muscle fatigue impairs neuromuscular control in the 
lower extremities 17 '. In addition, local muscular fatigue 
causes negative effects on joint proprioception 18 ' by increas- 
ing the threshold of muscle spindle discharge, disrupting af- 
ferent feedback, and consequently altering conscious knee 
joint awareness 19 '. In line with previous work 7 ' 20) , the cur- 
rent study shows an impaired sense of knee joint position 
under fatigued conditions. We found that the application of 
kinesiology tape decreases fatigue-induced repositioning 
errors. The application of kinesiology tape may affect tac- 
tile stimulation 21 '. When kinesiology tape is applied with 
an elasticity of 30-40%, the skin is stretched/deformed by 
joint movement 22 '. Cutaneous mechanoreceptors are stimu- 
lated as a result of the skin deformation 23, 24 '. Therefore, 
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the application of kinesiology tape may have decreased the 
repositioning error by increasing knee joint propriocep- 
tion through this stimulation of cutaneous mechanorecep- 

tors 23, 25) . 

Fatigue protocols would presumably have more effect on 
muscle than joint tissue because a decreased joint position 
sense is thought to be secondary to a decrease in muscle 
receptor input 26 '. Although the evidence regarding muscle 
activity is inconsistent 23, 27) , recent studies have shown that 
kinesiology tape application enhances muscle function 14, l5 \ 
The application of kinesiology tape on the rectus femoris, 
vastus medialis, and vastus lateralis, such as in the current 
study, increases eccentric muscle strength in healthy sub- 
jects 28 '. Therefore, application of kinesiology tape to the 
quadriceps muscles may assist the reduced knee extension 
function caused by muscle fatigue. In addition, kinesiology 
taping that elevates the patella, applied with 40-50% ten- 
sion, may provide external support and assist the function 
of quadriceps muscles by enhancing the superior glide of 
the patella 29 ' throughout various angles of knee extension. 
However, the mechanism underlying the effects of kinesiol- 
ogy taping on fatigue-induced muscle is beyond the scope 
of this study, and further study is needed. 

This study has several limitations. First, the compensa- 
tion of the pelvis and trunk during assessment of knee joint 
angle was not controlled. Second, repositioning errors of 
the nondominant leg were not compared. Third, we did not 
evaluate the duration of the effect of kinesiology taping on 
knee repositioning errors after muscle fatigue. Fourth, the 
learning effect was not completely eliminated because the 
repositioning error after kinesiology taping was assessed 
last. Fifth, the general fatigue level was not assessed. Fur- 
ther studies are required to resolve the limitations of the 
current study and ascertain the effects of kinesiology taping 
on muscle fatigue, which was not determined experimen- 
tally in this study. 
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